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Thank you for submitting your manuscript to the EMBO Journal. Your manuscript has now been seen by two referees and their comments are provided below.
As you can see, both referees find the paper an important advance in the field and are very supportive of publication here. Referee #1 has no further comments while referee #2 has few issues, mostly concerning the presentation of the findings. Given this positive feedback, I would like to invite you to submit a suitably revised manuscript, taking the concerns raised by referee #2 into account.
Thank you for submitting your interesting study to the EMBO Journal! REFEREE REPORTS Referee #1
Chen, Schmucker and colleagues develop a novel sequencing approach to interrogate the molecular diversity of the neuronal cell surface receptor DSCAM. While multiple previous studies have probed isoform expression and functions, the actual diversity of this polymorphic receptor as eluded analysis due to technical limitations. Answering this question is critical for advancing fundamental concepts about neuronal identity and recognition.
The CAMSeq approach is novel and creative. The authors provide extensive control data to detect potential amplification biases and quantitative distortions due to the procedure.
The authors conclude that the majority of isoforms is indeed expressed in the nervous system and provide a well-reasoned discussion on the biological relevance of their findings.
I find this paper acceptable as is and consider it a very important advance for the field.
Referee #2
Wei Sun and colleagues describe an analysis of the isoforms of Dscam mRNA isolated from S2 cells and flies at various stages of development. A circularization method was used to produce PCR products that contained exons 4, 6 and 9 from the RNA molecules without intermolecular reassortment, and the circles were converted to linear PCR molecules and sequenced to determine the numbers of molecules containing each possible combination of exons. A number of approaches were used to calculate, from the results, how the uneven preferences for various exons affected the diversity and how the individual identity of neurons could be achieved with different numbers of molecules per cell and different numbers of isoforms that might be shared before a cell lost its unique identity. This is a significant piece of work, representing a technical achievement and a result of interest for those engaged in working out the basis of neuronal identity and the role of splicing isoforms. Figure 1 shows tests done to validate the procedure. This was done rather well, and the results indicate that the level of confidence in the quantification of the isoforms is high. A major concern is that chimaeric molecules might form during circularization. For some reason, this issue is addressed somewhat later in the results than the validation of the quantification; I think it should be placed in the earlier section. Moreover, the main finding, that the mean rate of chimaera occurrence is around 1%, is not mentioned in the main text, and the reader is left confused. Figure S1 and the conclusion need to be in the main text.
My other concerns are also to do with presentation and likewise minor. Figure 2B is not referred to in the main text, and Figure 3 is presented in a most unfortunate way. I think that 3A, 3B, 3C and 3D each comprise 2 graphs, one above the other. Unfortunately, the lower graph in each pair is bracketed on the side with panels E, F and G. This figure needs to be packaged differently.
The modelling described in the Discussion and shown in Figure 4 is interesting, but not in some ways very helpful. It would be improved if the authors actually raised the question as to how many molecules of Dscam are found in each cell (in different cell types) and more explicitly reviewed current knowledge. What evidence is there that identity might not be compromised if cells shared some percentage of their isoforms? What sense does this make in molecular terms? What models do the authors have in mind for the molecular mechanisms by which Dscam molecules confer identity? In the absence of attempts to link the modelling to current data or plausible molecular models, no models are being tested and it s not clear that the abstract speculation is any more than an attempt to fit the observed numbers of isoforms being expressed. Is there any reason why Drosophila should not express more isoforms than it strictly needs? There are few other examples of economy in eukaryotic gene expression. A better discussion rooted in empirical data (or the lack of it) and molecular models would be more interesting. Point 1: Figure 1 Figure  S1 and the conclusion need to be in the main text.
As the referee suggested, we moved the paragraph describing the estimation of the rate of chimera formation into the first section of the Result part. In addition, we included the figure (former Figure  S1 , now Figure 1F ) in the main text and made it clear that the mean chimerical rate is approximately 1%.
My other concerns are also to do with presentation and likewise minor. Figure 2B is not referred to in the main text, and Figure 3 is presented in a most unfortunate way. I think that 3A, 3B, 3C and 3D each comprise 2 graphs, one above the other. Unfortunately, the lower graph in each pair is bracketed on the side with panels E, F and G. This figure needs to be packaged differently.
We referred to Figure 2B in the main text (see the start of 3 rd paragraph in the section "Detection of Dscam isoforms expressed at different developmental stages and in different cells/tissues"). To avoid the potential confusion, we change the label of Figure 3 as the referee suggested. Figure 4 is We agree with the reviewer that quantitative information on Dscam molecules per cell would be an important step forward in better understanding the use of isoform diversity. However, at the moment no quantitative data set is available to answer this question directly, as it is technically extremely difficult to address this question appropriately. It would not simply require determining the number of RNA molecules but rather the number of surface localized protein isoforms. We don't consider this feasible at the moment. However, there have been several studies published presenting genetic data sets describing a stepwise reduction of isoforms and correlating it with phenotypic changes in vivo. This is particularly the case for the excellent data set of Hattori et al. (2009) . We refer to it in detail in the discussion and compare it with the quantitative data set generated by our CAMseq approach. We believe that we are able to offer an improved interpretation of the genetic data set. Specifically, we reveal that calculations cannot assume a uniform isoform expression, but rather have to be based on the strong quantitative and qualitative bias actually observed in the actual data set, for example that obtained from brain tissue.
The modelling described in the Discussion and shown in

What evidence is there that identity might not be compromised if cells shared some percentage of their isoforms? What sense does this make in molecular terms? What models do the authors have in mind for the molecular mechanisms by which Dscam molecules confer identity?
In the absence of attempts to link the modelling to current data or plausible molecular models, no models are being tested and it s not clear that the abstract speculation is any more than an attempt to fit the observed numbers of isoforms being expressed. We base our interpretation on the widely accepted view that the role of Dscam in neuronal wiring and self/non-self recognition depends on homophilic Dscam-Dscam binding with subsequent repulsion, which only occurs when neurites displaying the same isoform on the surface encounter each other (as referenced in our manuscript this is supported by many reports and reviewed extensively). We believe that it is unlikely that any single event of Dscam-Dscam interactions will trigger a biologically significant repulsion response. It seems more likely that this is a quantitative process with a certain threshold. As such it seems plausible that the process of self-avoidance tolerates some percentage of shared isoforms expressed among cells and only if the percentage is high enough to enable sustained Dscam-Dscam interactions will cellular repulsion events be triggered. Such a quantitative model is in good agreement with the molecular model of Dscam function, with the genetic data, our quantitative CAMseq data set and the model presented in this study.
Is there any reason why Drosophila should not express more isoforms than it strictly needs? There are few other examples of economy in eukaryotic gene expression. A better discussion rooted in empirical data (or the lack of it) and molecular models would be more interesting. This is an interesting question, but we did not want to raise the impression that our analysis supports an evolutionary argument. We simply describe that the alternative splicing of Dscam is highly biased. Currently we do not know the basis of such a bias. But given the high splicing bias a minimal number of Dscam (e.g. 5000 as proposed by Hattori et al. 2009 ) is not sufficient to sustain self-recognition across a large number of neurons (see our discussion on the "effective size of a certain Dscam repertoire" (discussion page 15 and methods).
